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© Glass composition for and method for preparation of gradient index lens. 

© A glass composition suitable for providing gradient index 
lenses by the ton-exchange process is disclosed. The glass 
composition comprises the following components at the 
respectively specified proportions in terms of percents by mol: 
Li0 2 3 - 22 o/o, Na20 0 - 20 %, K2O 0 - 20 <Vo (with proviso that 
Na 2 0 + K 2 0 - 3 - 20 0/0), AI2O3 0 - 20 0/0. B2O3 0 - 25 0/0, TiC-2 
2 - 25 o/o, SiC-2 40 - 62 0/0, Zr0 2 3 - 10 0/0. Ge02 0 - 20 0/0, MgO 
0 - 20 0/0, Sn02 0 - 10 o/o, and PbO 0-15 0/0. TiC-2 is effective for 
providing a large refractive index difference and Zr02 is 
effective for providing an improved chemical resistance. The 
^ glass composition can further contain Ta20s or ND2O5 as a 
" component for replacing a part of Ti0 2 and increasing the 
i_ refractive index difference without increasing the dispersion of 
JJjl the lens. 
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Description 

GLASS COMPOSITION FOR AND METHOD FOR PREPARATION OF GRADIENT INDEX LENS 



FIELD OF THE INVENTION AND RELATED ART 
5 The present invention relates to a glass composition, particularly a glass composition suitable for 
preparation of gradient index lenses by the ion exchange process. The present invention also relates to a 
method of preparing a gradient index lens by using such a glass composition and a gradient index lens 
obtained thereby. 

A transparent cylindrical body having a refractive index gradient or distribution of almost the square gradient 
10 in the radius direction from. the central axis toward the circumferential surface functions as a lens and is well 
known as a gradient index lens. 

The gradient index lens is used by grinding its end surfaces to form flat faces perpendicular to the optical 
axis. The gradient index lens is singly used generally as a member for optical communication or used in a large 
number arranged in close parallel with each other to form a lens array which is widely used as a coupling 
15 element in copying machines and facsimile machines. 

The ion exchange process is well known as a process for industrially producing gradient index lenses. 
According to the process, a glass body containing a monovalent cation source, such as Tl, Cs, Li or Rb, is 
soaked in a bath of molten salt such as sodium nitrate to cause ton exchange between monovalent cations, 
e.g., between Tl* and Na + , thereby to produce a refractive index gradient. 
20 Hitherto, a gradient index lens containing Tl or Cs has been frequently studied. A gradient index lens 
containing Tl can have a large angular aperture 9 on the order of 20° but entails a very large chromatic 
aberration. On the other hand, a lens containing Cs has a relatively small chromatic aberration but entails a 
difficulty of a small angular aperture of about 6° at the maximum. These difficulties have posed serious 
problems in connection with necessity of large aperture and high resolution of the above-type of lenses for 
25 providing high performances of copying and facsimile machines in recent years. 

incidentally, the refractive index gradient or distribution in the radial direction of a tens produced in this way 
is expressed approximately by the following equation: 

n = n 0 -(1-(A/2)-r 2 ), 

wherein no «= refractive index on the central axis, A = refractive index distribution coefficient, and r = a radial 
30 distance from the central axis. And the angular aperture 8 is defined by the following equation; 
sinG = noVA»ro, 
wherein ro =* the radius of the lens. 

In view of the above-mentioned problems of the conventional gradient index lenses containing Tl or Cs, a 
Li-containing glass has been studied frequently in recent years. In the case of this glass, when subjected to ion 
35 exchange in a molten salt bath of sodium nitrate, it provides a product having a smaller chromatic aberration 
than the Cs-containing glass and an angular aperture of about 9° - 12° (JP-A (Tokkai) 58-125632, JP-B (Tokko) 
59-41934). 

However, the angular aperture of a lens obtained from a conventional Li-containing glass is not sufficient as 
yet, and it has become necessary to develop a glass composition providing a larger angular aperture, in other 
40 words, a larger refractive index difference. 

Further, a conventional Li-containing glass contains a large proportion of alkali metal, so that it has a poor 
chemical resistance and it involves defects such that it is liable to be eroded by molten salt at the time of ion 
exchange and the abraded or polished end faces of a lens obtained therefrom are liable to cause weathering, 
i.e., the phenomenon of a glass surface being damaged because atmospheric dew attached to the glass 
45 surfaces dissolves the alkali components in the glass. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above-mentioned defects of the conventional Li-containing 
glass composition for gradient index lenses and provides a glass composition which is better in chemical 
50 resistance and suitable for providing a gradient index lens having a larger angular aperture. 

Another object of the present invention is to provide a glass composition suitable for providing a gradient 
index lens which has a refractive index gradient very close to an ideal one from the core to the circumference 
of its cylindrical form and has a large effective field diameter. 

Another object of the present invention is to provide a glass composition suitable for providing a gradient 
55 index lens having a lower dispersion and better chemical resistance. 

A further object of the present invention is to provide a method of producing a gradient index lens from such 
a glass composition. 

A still further object of the present invention is to provide a gradient index lens obtained by such a method. 
According to the present invention, there is provided a glass composition for gradient index lenses 
60 comprising the following components at the respectively specified proportions in terms of percents by mol: 
Li 2 0 3 - 22 o/o, 
Na 2 0 0 - 20 o/o, 

K 2 0 0 - 20 o/o (with proviso that Na 2 0 + K 2 0 = 3- 20 o/o), 
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Al 2 0 3 0 - 20 o/o, 
B2O3 0 - 25 o/o, 
Ti0 2 2 - 25 o/o, 
Si0 2 40 - 62 0/0, 
Zr0 2 3 - 10 0/0, 
Ge0 2 O-20 0/o, 
MgO 0 - 20 o/o, 
Sn02 0 - 100/0, and 
PbO O-150/0. 

The glass composition according to the invention is principally characterized in that it contains 2 - 25 mol 0/0 w 
of Ti0 2 as a component for providing the resultant lens with a large refractive index difference and 3-10 
mol 0/0 of Zr0 2 for providing an improved chemical resistance and providing a refractive index gradient close to 
an ideal one up to the circumferential part of the lens. 

The above mentioned and other objects and features of the invention will be better understood upon 
consideration of the following detailed description concluding with specific examples of practice. 75 

DETAILED DESCRIPTION OF THE INVENTION 

Li 2 0 is a component for forming a refractive index gradient or distribution and is contained at 3 - 22 mol 0/0 
Below 3 mol 0/0 fails to provide a sufficient refractive index difference, and over 22 mol 0/0 causes 
devitrification. In order to provide a lens having an angular aperture of 9° or above, 8 mol o/ 0 or more is 20 
desirable, and 20 mo! 0/0 or less is preferred so that devitrification may be completely prevented to provide a 
good yield in glass formation. 

Na 2 0 and K 2 0 are effective for enlarging the vitrification or glass-forming region and improving the fusibility 
of the glass composition, thus providing a low-viscosity melting state at a relatively low temperature. Further, 
Na 2 0 in the glass composition in the case of the molten salt being a sodium salt and K 2 0 in the glass 25 
composition in the case of the molten salt being a potassium salt respectively increase the driving force of ion 
exchange between Li + and Na + or K + , and a larger content thereof provides a larger ion-exchange speed 
The total content of Na 2 0 and K 2 0 (Na 2 0 + K 2 0) is 3 - 20 mol o/ 0 . If the (Na 2 0 + K 2 0) below 3 - 20 mol o/o, 
the ion-exchange speed is remarkably lowered, and above 20 mol o/ 0 results in a low chemical resistance! 
Further, K 2 0 in the glass composition in the case of the molten salt being a sodium salt and Na 2 0 in the glass 30 
composition in the case of the molten salt being a potassium salt respectively hinder the ion exchange 
between Li + and Na + or K\ so that they are desirably not co-present in the glass composition but can be 
co-present within an extent not adversely affecting the refractive index gradient formation. 

AI 2 Oa and B2O3 are contained in proportions of up to 20 mol Wo and 25 mol 0/0, respectively. Exceeding the 
above contents, Al 2 0 3 increases the viscosity to make difficult the melting and formation of glass, and B 2 0 3 35 
lowers the chemical resistance. 

Ti0 2 is an essential component for enlarging the refractive index difference, and the effect thereof is 
considerably large in a Li-containing glass. Even if the Li content is the same, the refractive index difference 
can be different by several times between the cases of Ti0 2 being contained and not contained. The effect of 
Ti0 2 is particularly pronounced at 2 mo! 0/0 or more. Over 25 mol o/ 0 j S liable to cause devitrification. 40 

The above effect of Ti0 2 of increasing the refractive index difference is gradually saturated above 8 mol 0/0. 
For this reason, the addition of PbO and MgO with the upper limits of addition of 15 mol 0/0 and 20 mol 0/0 
respectively, is very effective in order to further increase the refractive index difference. Exceeding the upper 
limits, PbO results in an easily deformable glass product and causes a lowering in ion-exchange speed, and 
MgO is liable to cause devitrification and make difficult the formation of a glass product. Further, the addition 45 
of PbO and MgO is effective in removal of color aberration to realize a lens having a high angular aperture and 
low color aberration. 

Si0 2 is a main component for formation of glass network. Below 40 mol 0/0 causes devitrification and a 
lowering in chemical resistance. Above 62 0/0 suppresses the contents of the refractive index gradient-forming 
oxides and other oxides, thus failing to provide a sufficient refractive index difference. Above 62 0/0 also so 
causes an increase in viscosity and necessitates a high temperature for glass melting, thus results in a 
lowering in processability. 

2r0 2 is a characteristic component in the glass composition of the invention and is contained up to 10 % as 
the upper limit. Above the limit, devitrification is liable to occur. 

2r0 2 is effective in remarkably increasing the chemical resistance of the glass product, and particularly 55 
effective in preventing erosion with the molten salt during ion exchange. For example, when a glass rod not 
containing Zr0 2 and a glass rod containing Zr0 2 both with abraded or polished side circumferential surfaces 
were soaked in molten salt of sodium nitride kept at 500°C for 20 hours and then taken out. the circumferential 
surface of the former was converted into a matted surface having unevennesses of several tens of microns 
while that of the latter was substantially unchanged. The erosion of the glass surface with a molten salt results 60 
m irregularities in refractive index gradient in the circumferential part of a lens to considerably lower the 
effective field diameter of the lens. Further, the erosion of the glass surface results in poor symmetry of 
refractive index gradient and increased astigmatism, thus lowering the optical performances of the lens. The 
surface erosion further results in fine cracks which lead to a lowering in mechanical strength of the resultant 
lens. The above-mentioned difficulties can be solved by adding Zr0 2l thus making it possible to produce 65 
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lenses having a large visual field at a high yield. 

As for the content of ZrC>2, below 3 % fails to provide the above effect at a sufficient level, so that the 
content of 3 mol o/o or more is necessary and 4 mo! <Vo or more is desirable. 

Sn0 2 has a similar effect as Zr0 2 and further enhances the effect if it is contained up to 10 °/o as the upper 
limit. Above the upper limit, devitrification is liable to occur. As SnC-2 is a readily reducible component, it is 
usually desirable to melt the glass composition in an oxidizing atmosphere. When Sn02 is contained at several 
mol % or more. The content of Sn02 may be adjusted in connection with the contents of the other oxides, but 
about 1 - 5 mol % may generally provides a sufficient effect. Further, the total content of Zr02 and Sn02 may 
desirably be 5-12 mol %, above which devitrification is liable to occur. 

The addition of Zr02 and Sn02 increases the chemical resistance of the lens after the ton exchange and also 
is effective in improving the weatherability of an optical device using the lens. 

■ While the effect of Ti02 "of providing an increased refractive index difference essential for obtaining a lens 
with a large aperture, the increase in content thereof leads to an increase in dispersion. For this reason, Ta 2 Os 
or Nb205 is contained up to the upper limit of 10 mol % as a component for increasing the refractive index 
difference while suppressing the increase in dispersion. Above the upper limit, the stability of the glass is 
lowered. The effect of suppressing the increase in dispersion is given in the order of Ta 2 Os > ; Nb20s > Ti0 2l 
and Ta205 and NbzOs may be added singly or in combination to obtain a sufficient effect. The total content of 
Ta20s and Nb 2 Os may suitably be 1 - 15 mol <Vo. Further, the total content of Ti02 + Ta 2 05 + Nb20s may 
suitably be 3 - 20 mol o/o. Less than 3 mol % is insufficient to give a sufficient effect of the addition and more 
than 32 mol % is liable to cause devitrification. 

The glass composition of the invention can contain in addition to the above-mentioned components the 
following oxides in the respectively specified proportions in terms of mol o/o: 

CaO 0 - 6, SrO 0 - 6, BaO 0 - 5, ZnO 0 - 5, Rb 2 0 0 - 5. La 2 0 3 0 - 5, Y 2 0 3 0 - 3, Gd 2 0 3 0 - 3, Ga 2 0 3 0 - 3. ln 2 0 3 
0 - 3, Ge02 0 - 3, WO3 0 - 3, AS2O3 0 - 3, Sb 2 0 3 0 - 3. 

Other elements, such as Fe, Ag, Cu and so on can be contained as impurities but these elements are liable 
to lower the transmittance of the product lens. Accordingly, the contents of these impurity elements should be 
minimized. 

According the method of the present invention, a gradient index lens may be produced by soaking a shaped 
body, preferably a cylinder, of the above-mentioned glass composition in a molten bath comprising a salt of a 
metal susceptible of ion exchange with Li. The metal salt may be selected as desired but may preferably be a 
salt of Na or K. During the ion exchange about 30 - 80 0/0 of the content of Li 2 0 is replaced by a substantially 
equal molar amount of the oxide of the metal to provide a refraction index gradient in a core-to-surface 
direction, particular in a radial direction. The change in Li 2 0 content is measured as a whole, particularly as an 
average value over a cross sectional area perpendicular to a cylindrical axis. 

The present invention will be further explained more specifically hereinbelow based on Examples and 
Comparative Examples. 

Examples 1 - 6, Comparative Examples 1 - 2 

Various starting materials were blended into 8 batches each providing one of the glass compositions of 
Examples 1 - 6 and Comparative Examples 1 and 2 shown in Table 1 appearing hereinafter in an amount of 8 kg 
each. Each batch was sufficiently mixed, melted for 2 hours in a 3-liter platinum crucible at 1350° C, cast and 
rapidly cooled to form a cullet. Then, the cullet was again charged in a similar 3-liter platinum crucible, 
re-melted at 1300° C for four hours and then cast into a uniform glass block free of bubbles and striae. A round 
glass rod of 20 mm in diameter and 200 mm in length was cut out from the glass block and stretched in a glass 
stretching furnace to form a 1 mm diameter rod sample. 

The rod sample was soaked in a molten salt bath and subjected to ion exchange under the conditions shown 
in Table 1. 

Through the above operation, gradient index lenses of Comparative Examples 1 and 2 and Examples 1- 6 
were obtained. The central refractive index and refractive index gradient of each lens were measured, and the 
angular aperture was calculated based on the values. Separately, the water resistance of each lens was 
measured as a representation of durability thereof. More specifically, each lens sample with abraded end 
surfaces was soaked in hot water at 90°C and the time at which precipitation of an alkali component, etc. was 
initially observed was measured. The results are also shown in Table 1. 

As is clearly shown in Table 1, the lenses of Examples containing 3 mol 0/0 or more of Zr0 2 showed 
remarkably improved durability compared with those of Comparative Examples. Particularly, even when the 
TiC-2 content was increased in order to further increase the angular aperture, no deterioration in durability wax 
observed, whereby a lens having an angular aperture of 13° or above and also good chemical resistance could 
be obtained. 

Further, the lenses of Examples gave a larger effective field diameter than those of Comparative Examples 
and showed a good image formation performance in the range of 90 0/0 or more of the diameter. The lenses of 
Examples also showed a symmetrical refractive index gradient and substantially free of astigmatism. 



4 



0 287 345 



^oiotNvotninioi i 



in o 



I I moo i rr m 

in 



ooorsi i ro oo lo r- ltnoj i 



o o I t i in o -3- i o 



o o I i m - lo m m i <t\ n i 
t— t~ in 



o o I I m in m <n i on i 



ooirsiooooi i i i i 

r * — i — vD 



O O _ O ' rn (N rM cn cn 
^ n on O . O O g O O 



f 



I 

to — 

WO dP 



5 



0 287 345 




6 



0 287 345 



Examples 7-11, Comparative Examples 3 - 4 

Various starting materials were blended into 7 batches each providing one of the glass composition of 
Examples 7-11 and Comparative Examples 3 - 4 shown in Table 2 appearing hereinafter in an amount of 8 kg 
each. Each batch was sufficiently mixed, melted for 2 hours in a 3-liter platinum crucible at 1350°C, cast and 5 
rapidly cooled to form a cullet. Then, the cullet was again charged in a similar 3-liter platinum crucible, 
re-me!ted at 1300°C for four hours and then cast into a uniform glass block free of bubbles and striae. Around 
glass rod of 20 mm in diameter and 200 mm in length was cut out from the glass block and stretched in a glass 
stretching furnace to form a 1 mm diameter rod sample. 

Separately, a prism sample was cut out from each glass block for measurement of refractive index and 10 
calculation of Abbe number. 

Each of the glass rod samples prepared above was soaked in a molten salt bath and subjected to ion 
exchange under the conditions shown in Table 2, whereby gradient index lenses of Comparative Examples 3 
and 4 and Examples 7-11 were obtained. The central refractive index and refractive index gradient of each 
lens were measured, and the angular aperture was calculated based on the values. 15 

As is clear from Table 2, the replacement of a part of Ti02 in the glass compositions of Comparative 
Examples with Ta20g or/and Nb20s gave an increased vd, thus providing a blank glass material showing a 
lower dispersion while retaining a large aperture. The gradient index lenses prepared from the blank glasses 
showed a lower dispersion than the conventional lenses and realized lenses with little refraction effect at end 
faces and low chromatic aberration. 20 

Further, the lenses of Examples showed better chemical resistance compared with those of Comparative 
Examples and particularly better water resistance which were about 5-10 times those obtained by the lenses 
of Comparative Examples as measured in the same manner as in the previous Examples. 
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Claims 



5 



1. A glass composition for gradient index lenses, comprising the following components at the 
respectively specified proportions in terms of percents by mol: 

Li0 2 3-22 0/0, 
W Na 2 0 0 - 20 o/o, 

K 2 0 0 - 20 0/0 (with proviso that Na 2 0 + K 2 0 = 3-20 0/0), 

AI2O3 0 - 20 o/o. 

B2O3 0 - 25 0/0, 
Ti0 2 2 - 25 o/o, 
15 Si0 2 40 - 62 0/0, 

Zr0 2 3-10 o/o, 

Ge0 2 0 - 20 0/0, 

MgO 0-20 o/o, 

n0 2 0- 10 o/o, and 

20 PbO 0-15 0/0. " 

2. A glass composition according to Claim 1 . which contains 8 - 20 mol 0/0 of U2O, 4 - 10 mol.,0/0 of Zr0 2 
and 1 - 5 mol 0/0 of Sn0 2 , the total content of Zr0 2 and Sn0 2 being 5 - 12 mol 0/0. 

3. A glass composition according to Claim 1 or 2, which further contains 0 - 10 mol % of Ta 2 Os and 

0 - 10 mol 0/0 of NbaOs, the total content of Ta 2 Os and Nb 2 Os being 1 - 15 mol 0/0. 

25 4. A glass composition according to Claim 3, which contains 8 - 20 mol 0/0 of Li 2 0, 2 - 20 mol 0/0 of Ti0 2l 

1 - 10 mol 0/0 of Ta 2 O s , 1 - 10 mol 0/0 of Nb 2 Os, the total content of Ti0 2 , Ta 2 Os and Nb 2 Os being 4 - 32 
mol 0/0. 

5. A method of preparing a gradient index lens, which comprises subjecting to ion-exchange a shaped 
body of a glass composition in a molten salt bath of at least one salt selected from a sodium salt and a 

30 potassium salt, said glass composition comprising the following components at the respectively specified 

proportions in terms of percents by mol: 
Li 2 0 3 - 22 0/0, 
Na 2 0 0 - 20 0/0, 

K 2 0 0 - 20 0/0 (with proviso that Na 2 0 + K 2 0 = 3-20 0/0) , 
35 Al 2 0 3 0 - 20 0/0, 

B 2 0 3 0 - 25 o/o, 

Ti0 2 2 - 25 0/0, 

SiC-2 40 - 62 o/o, 

Zr0 2 3 - 10 0/0, 
40 Ge0 2 0 - 20 0/0, 

MgO 0-20 0/0, 

Sn0 2 0- 10 0/0, and 

PbO 0-15 0/0. 

6. A method according to Claim 5, wherein said sodium salt is NaN03. 
45 7. A method according to Claim 5, wherein said potassium salt is KNO3. 

8. A method according to any of claims 5,6 and 7, wherein the composition contains 8 - 20 mol °/o of 
U20, 4 - 10 0/0 of Zr0 2 and 1 - 5 mol 0/0 of Sn0 2( .the total content of Zr0 2 and Sn0 2 being 5 - 12 mol 0/0. 

9. A method according to any of Claims 5 to 8, wherein the composition further contains 0 - 10 mol 0/0 of 
Ta 2 Os and 0 - 10 mol 0/0 of Nb 2 0 5l the total content of Ta and Nb 2 Os being 1 - 15 mol 0/0. 

50 1 0. A method according to Claim 9, wherein the composition contains 8 - 20 mol 0/0 of Li 2 0, 2 - 20 mol 0/0 

of Ti0 2l 1 - 10 mol 0/0 of Ta 2 05, 1 - 10 mol % of Nb 2 05,the total content of Ti0 2 , Ta 2 Os and Nb 2 Os being 
4 - 32 mol %. 

11. A gradient index lens in the form of a cylinder having a refractive index gradient in the radial direction, 
which has been prepared by subjecting to ion-exchange a cylinder of a glass composition in a molten salt 
55 bath of at least one salt selected from a sodium salt and a potassium salt, said glass composition 

comprising the following components at the respectively specified proportions in terms of percents by 
mol: 

Li 2 0 3 - 22 0/0, 
Na 2 0 0-20 0/0. 

60 K 2 0 0 - 20 0/0 (with proviso that Na 2 0 + K 2 0 = 3 - 20 °/o), 

Al 2 0 3 0 - 20 0/0, 

B 2 Oa 0 - 25 0/0, 

Ti0 2 2 - 25 0/0. . 

Si0 2 40 - 62 0/0, 
65 Zr0 2 3- 10 0/0. 
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Ge0 2 0 - 20 o/o, 

MgO 0 - 20 o/o, 

Sn0 2 0- 10 o/o, and 

PbO O-15 0/o. 



12. A lens according to Claim 11, wherein about 30 - 80 o/o of the Li 2 0 content in the glass composition 
has been replaced by the corresponding molar amount in total of the oxide of at least one of sodium and 
poiassium. 
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